. Sensitivity of survival estimates to assumptions of detection probability at Lippy Point. To examine how coastal ocean survival estimates (from Willapa Bay, WA, to Lippy Point, BC) of transported (TR) and in-river (IR) migrating Snake River spring Chinook smolts might change with variation in detection probability (p) at Lippy Point, we re-ran our survival models using the upper and lower 95% confidence bounds on the auxiliary estimate that was used for the assumed p value for Lippy Point in 2006 (a), 2008 (b), 2009 (c). This assumed value was estimated for the same tags in migrating juvenile salmon at similar coastal sub-arrays in a previous study
1
. Assumptions about the p of the Lippy Point sub-array resulted in small changes in estimated coastal ocean survival of TR and IR smolts. Because all fish received identical tags within in each year, we have assumed that the detection efficiency of the Lippy Point array should be equal for the two groups. Importantly, the ܵ ்ோ /ܵ ூோ ratio remains stable such that our conclusion that TR smolt survival was not reduced relative to IR smolts would not be affected by the value of p at Lippy Point. . Position 1 on the x-axis represents the eastern-most acoustic receiver nearest shore, and the final position represents the shelf break. If a fish was detected at more than one receiver, an equal proportion was allocated to all receivers detecting that fish, e.g., if an ID code was detected on two receivers, each receiver was assigned a value of 0.5. A total of 40 receivers were deployed at Willapa Bay in 2006 (to 32 km offshore), and 45 were deployed in 2008 and 2009 (to 36 km offshore). In 2008, receiver 45 was not operational; therefore, the sub-array was effectively 44 receivers in length. A total of 24 receivers were deployed at Lippy Point in all years (to 19 km offshore). The values above the bars indicate the proportion of time each receiver was operational during the migration. 0  0  79  100  79  0  100  0  53  7  100  0  100  100  100  100  100  0  100  100  53  100  100  29  100  63  100  100  100  100  100  100  44  42  51  35  0  0   0   2   4   6   8   10   12   0  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100 We assumed an exponential survival model ܵ መ = ݁ ௗ and regressed the log-transformed survival estimates to the first detection site, ln൫ܵ መ ൯ = ܾ ݀ , for each of the ݅ treatment types against migration distance from the respective release sites, ݀ . To assess uncertainty in the estimated regression coefficients, we used a Monte Carlo procedure to randomly generate 10,000 individual survival estimates for each treatment type using the estimated survival proportions from release to the first detection site, ܵ መ , and associated variances to define the binomial sampling distribution generating the data used in each To statistically compare mortality per km, we took the difference between the IR and TR distributions. The null hypothesis was that the post-release survival rate of TR smolts is equal to that of the IR smolts, which is equivalent to assuming that on average the difference in the regression coefficients, ܾ ଵ − ܾ ଶ , is zero. We tested this null hypothesis for each of the simulated migration segments by evaluating whether the central 95% of the 10,000 survival rate differences generated (right; dashed lines) with the Monte Carlo method included zero. Post-release mortality rates were not significantly different for IR and TR smolts in any year. 
Supplementary

Supplementary Methods
Smolt acquisition and acoustic tagging
We used spring Chinook salmon smolts reared at the Dworshak National Fish Hatchery (NFH), on the Clearwater River (a tributary of the Snake River) as the source population. Dworshak NFH is located above the four lower Snake River dams (as well as the four lower Columbia River dams) and thus, Dworshak smolts have the potential to be diverted into barges and transported to below Bonneville Dam from the three Snake River dams where transportation occurs (Lower Granite, Little Goose, and Lower Monumental), as well as McNary Dam in the lower Columbia River.
Because of space limitations at Dworshak Hatchery, in each year of the study (2006, 2008, and 2009 ) approximately 1,500 spring Chinook smolts were transferred to Kooskia NFH one to three months prior to tagging. In addition to ample working space, water temperatures at Kooskia NFH (12-13 °C) were warmer than water temperatures at Dworshak NFH (4-10 °C). The warmer temperatures facilitated the more rapid growth necessary to attain minimum body size requirements for tagging (see below). We also retained the fish for several weeks beyond the typical hatchery release date (~April 1) to ensure that a sufficient number of smolts exceeded the minimum size requirements for tagging. As a result, tagged inriver smolts migrated an additional 60 km in the Clearwater River, and three to six weeks later than conventionally released Dworshak spring Chinook smolts. Nevertheless, in all years, median date of passing Lower Granite Dam (the first dam smolts encountered in the Snake River) lay within the 55 th to 85 th passage index date percentiles for yearling hatchery Snake River spring Chinook
In 2006, we used individually identifiable VEMCO V9-6L coded acoustic transmitters (9 x 21 mm, 3.1 g in air, 2 g in water) and in 2008-09 we used smaller V7-2L transmitters (7 mm x 20 mm, 1.6 g in air, 0.75 g in water). Tags transmitted a unique ID code and were programmed to provide operational lifespans long enough to cover the observed duration of the migration to the Lippy Point sub-array (up to three months). The larger, more powerful V9-6L transmitter used in 2006 had a greater detection radius than the smaller V7 tag used in 2008-09 This provided higher detection probabilities by the telemetry array, but imposed a greater tag burden on the animals.
The same surgical protocol was used in all years for both treatment types; a detailed description is provided in Rechisky and Welch 4 . In brief, portable surgical units were assembled on site, and fish surgery was carried out by experienced, veterinarian-trained staff. Fish were anaesthetized individually in 70 ppm MS-222 buffered with 140 ppm NaHCO 3 . Fork length was measured to the nearest mm and weight was measured to the nearest tenth of a gram. A maintenance dose of buffered anaesthetic (50 ppm) was pumped through the fish's mouth and over the gills while an incision was made at the ventral midline, midway between the pelvic and pectoral fins. Each smolt was double tagged by placing a PIT and acoustic tag through the incision into the peritoneal cavity. Depending on tag type, one or two absorbable sutures was used to close the incision. Immediately following surgery, fish were placed into a recovery bath and monitored. Fish generally regained equilibrium and reactivity within minutes. After release, we uploaded the PIT tag data into the Columbia River Basin PIT Tag Information System (PTAGIS) database maintained by the Pacific States Marine Fisheries Commission (PSMFC, Portland, Oregon; http://www.ptagis.org).
To minimize subjective bias when allocating fish to treatment groups, we used a randomized procedure: each tagger netted groups of 10 random fish from the holding tank, which were then assigned a treatment type and release group. We choose to work with groups of 10 fish a) in order to minimize fish stress as all 10 were transferred from the recovery bath to the treatment tank at the same time, and b) because working with larger batches minimized the chance of releasing fish into the wrong experimental tank. As fish were tagged, a tally was kept to ensure that the distribution of fish size was approximately equal across treatment type and release groups. When few source fish remained or tagging was nearly complete, we selectively tagged fish one by one in order to match size distributions across groups.
In 2006, tagging of in-river (IR) smolts took place April 11-13 and 25-28 and the replicate release groups were released on May 1 and 8. In-river smolts were released on May 4 and 11. The TR groups were transported on May 26 and June 2 and released from the barge the following evening. As noted, a holding period for TR smolts is not consistent with the conventional practice of transporting migrating smolts immediately upon arrival at Snake River dams, but was implemented to match the time of arrival below Bonneville Dam with that of the in-river migrants (which must first migrate 650 km downriver). While at the hatchery, smolts were monitored and fed to satiation by hatchery staff daily.
Survival estimation
In each year of the study, we assessed the goodness of fit (GOF) of our data with the bootstrap GOF test within Program MARK. To do so, we fit the most general Cormack-Jolly-Seber 5-7 (CJS) model (survival, φ, and detection probability, p, estimated for each treatment type at each sub-array). If there was overdispersion due to lack of fit of the data to the model, it was corrected by dividing the model deviance by the mean expected deviance (from 1000 bootstrapped simulations) to yield an overdispersion factor, ܿ̂8. If ܿ̂ was greater than 1, the resulting standard errors on the estimates were inflated (multiplied) by the estimated ܿ̂ value. In 2006, the ܿ̂ overdispersion factor was 1.9. In 2008, there was no overdispersion (ܿ̂ was 0.94), and in 2009 ܿ̂ was 1.12. There was no overdispersion for the model where a common survival parameters were estimated for each of the treatment types across 2008 and 2009 (ܿ=1) in the LRE and plume separately, and ܿ̂ was 1.7 for the model where common parameters were estimated for each of the treatment types across all three years in the LRE and plume combined and the coastal ocean.
Survival was estimated in each migration segment for each treatment type and we made no additional assumptions about the cause of variability in ߮ ො (e.g., fish body size, travel time, etc.). Detection probability was estimated for each treatment type for each freshwater migration segment; however, we used a model with a common detection probability at Willapa Bay within each year because mortality during the migration resulted in insufficient sample sizes to estimate the parameter separately for each group. We also included in our models two additional in-river migrant groups (each N ≅200) of Yakima River spring Chinook salmon smolts that were tagged with the same acoustic tag type (as part of a different comparison), in order to better quantify p of the Willapa Bay detection line 9 .
Detection probability at Lippy Point
It was not possible to deploy a double array at Lippy Point, therefore the p of this sub-array was fixed in all years (see Methods). We did this for several reasons: a) CJS analyses of p for other fully intact marine sub-arrays with similar receiver geometry, bounded by landmasses on either side, and with ample detections beyond the sub-array in question (which renders them directly estimable) showed that marine detection rates are very consistent across multiple sites and multiple years (~0.90% for V9 transmitters and ~0.67% for V7 transmitters at three sites in four years 1 ; b) all marine receivers were deployed at approximately equal spacing; c) the smolt distribution on the Lippy Point line was centred on the inner to middle continental shelf in all years, indicating that fish were confined to the shelf; and d) if estimates at Lippy Point are biased they should be equally biased for both treatment types as identical acoustic tags were used in each year. Because the key scientific test involves whether TR smolts have lower postBonneville Dam survival than the IR controls, some inaccuracy in this final p assumption is acceptable; however, we required the assumption that the two tagged groups behaved similarly (i.e., that travel rate and potential offshore emigration, beyond the shelf arrays was equal.
